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Polymers for use In organic electroluminescent devices 
Background of the Invention 
Field of the invention 

The present invention relates to organic semiconductive polymers comprising aryl 
substituted torans-Jndenofluorene repeat units, monomers for the preparation of such 
polymers, methods for the preparation of such polymers and the use of such 
polymers In organic optoelectronic devices. 

Brief description of the prior art 

Semiconductive organic polymers have been known for several decades. During the 

past ten years they have seen Increasing application in the field of 
electroluminescent devices, also known as polymeric light emitting devices, see for 
example WO90/13148. 

A polymeric Jight emitting device comprises a negative charge carrier injecting 
electrode, a positive charge carrier injecting electrode and a layer of polymeric light 
emitting materia! situated between ins two electrodes. Application of a voltage 
between the two electrodes causas positive charge carriers s known as holes, to be 
injected from the positive charge injecting electrode and negative charge carriers, 
electrons, to be injected from the negative charge carrier injecting electrode. The 
. holes and electrons combine In the layer of polymeric light emitting material to form 
an exciton which decays emitting light. The electroluminescent device may also 
comprise further layers for the transport of charge carriers from the electrodes to the 
layer of light emitting polymers, alternatively the fight emitting polymer Itself may 
incorporate charge transporting units in addition to light emissive units. 

The nature of the polymeric material used In electroluminescent devices Is critical to 
the performance of the device, materials used include polyfphenytenevinylenes), as 
disclosed In W09CV1 3148, polyfluorenes, as disclosed In WO97/05184, 
poly(arylaminos), as disclosed in WO98/06773. Copolymers and blends of polymers 
have been found to be useful in such devices, as disclosed in WO92/03490, 
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W099/54385, WO00/55927 and WO99/46160. Poly(aryJamines) have been 
disclosed in which the aromatic groups may comprise hsteroaromatic moieties such 
as triazine, see WO01/49769. in copolymers and Wends of polymers different 
monomer units are used to provide different functions In the device, namely electron 
transport, hole transport and light amission. 

In particular chains of fluorene repeat units, such as homopoiymere or block 
copolymers comprising dialkylfluorene repeat units, may be used as electron 
transporting materials. In addition to their electron transporting properties, 
polyfluorenes have the advantages of being soluble in conventional organic solvents 
and have good film forming properties. Furthermore, fluorene monomers are 
amenable to Yamamoio polymerisation or Suzuki polymerisation which enables a 
high degree of control over the regloregularlty of the resultant polymer. 

One example of a polyfluorene based polymer is a blue electroluminescent polymer 
of formula (a) disclosed in WO 00/56927: 




(a) 

wherein w+x + y=l,wa: 0.5, 0 ^ x + y £ 0.5 and n i 2. 

In this polymer, chains of dioctylfluorene, denoted as F8, function as the electron 
transport material; the triphenylamine denoted as TFB functions as the hole transport 
material and the bls<diphenytemino)benzBne derivative denoted as PFB functions as 
the emissive material. 

There are a number of disadvantages associated with fluorene based polymers 
which have led to a search for alternative electron transporting and light emitting 
units. These disadvantages include the limited hote transporting ability of the fluorene 
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units, the tendency of fluorene units to aggregate and the fact that when blue light 
emission occurs from fluorene based polymers the emission does not occur in the 
region of the electromagnetic spectrum in which the human eye is most sensitive. 

In en effort to provide alternatives to fluorene based polymers, light emitting polymers 
comprising the tetraoctyl substituted trans-indenofluorene units shown below have 
been described in Marsitcky et at, Advanced Materials, 2001, 73, 1096-1099. 



Polymers comprising such tetraoctyl trans-lndenofluorana units ere described as 
having a bathochromlcally shifted emission wavelength which leads to a blue 
emission colour matched to the sensitivity of the human eye. 

The present inventors have further determined that transWndenofluorenes are more 
stable to hole transport than fluorenas. In order to provide a range of trans- 
indenofluorones with wider application in light emitting devices the present inventors 
show that by providing at least one aryi or heteroaryl substituent on the trans- 
indenofluorene unii it is possible to provide trans-indenofluorenes with a higher 
e'sclror affinity snd therefore ;mprovsri siectron injecting and transporting properties. 
A further advantage o? the aryi substituted trans-indenofluorenes of the present 
invention is that polymers comprising these units have a higher Tg (glass transition 
temperature) and are therefore more stable and provide longer lived light emitting 
devices, 

Summary of the invention 
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In a firs! embodiment the present invention provides polymers comprising optionally 
substituted first repeat units of formula (I): 
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(I) 

wherein R 1( R a , R s and R4 are selected from hydrogen, alky), alkyoxy, aryl, arytaxy or 
heteroaryl groups provided that at least one of R 1( R* R3 and R4 comprises an aryl or 
heteroaryl group. 

In a preferred embodiment at least two of R 1f R 2( R 3 and R4 comprise an aryl or 
heteroaryl group. Alternatively at least three of Ri, R* R 3 and R4 comprise an aryl or 
heteroaryl group or each of R1, Rj, R 3 and R4 may comprise an aryl or heteroaryl 
group. 

In a particularly preferred embodiment R1 and R 2 comprise an aryl or heteroaryi 
group and Ra and R4 comprise an alkyt group. 

Suitable aryl groups include phenyl, substituted phenyl, in particular alkyl substituted 
phenyl groups such as 4-octyl-phenyi end 4-te/t-butyl-phenyl, fluoraalkyl substituted 
phenyls such as 4^trifluoromethyl)phenyl, alkoxy substituted phenyl, such as 4-(2- 
ethylhexyloxy)phenyl and 4-methoxyphenyt, fluorinated phenyls, such as 
perfluorophenyls and 4-fluorophenyl and aryl substituted phenyls such as 4- 
(phenyl)phenyl. Suitable heteroaryl groups include pyridine, triazine, thiophene, 
pyrrcla and furan, the heteroaryl groups may be substituted with alkyl, alkoxy, fluoro, 
fluoroalky!, eryi or hetsrosryj substituente. 

Where one of Ri. R*, Rj and R4 comprises an alkyl group suitable alkyl groups 
include octyl, terf-butyl, methyl, hexyl, perfluorooctyi or perfluorohexyl. Where one of 
R T , R 2 , Ra and R< comprises an alkyl group the most preferred alkyl group is octyl. 

It is particularly advantageous if the aryl group comprises an optionally substituted 
phenyl group. 4-octylphenyl and 4-terf-butyl-phenyl substituents are preferred. 

Where R1 and R 2 comprise an aryf or heteroaryl group and R3 and R4 comprise an 
alkyl group it is preferred that Ri and R 2 are selected group 4-octylphenyl and 
butyt-phenyl substltuents and that R3 and R4 comprises octyl substituents. 

The polymers of the present invention may be homopolymers or copolymers. 
Suitable copolymers may comprise two, three or more distinct monomer units. In a 
preferred embodiment the polymer of the present invention comprises a second 

4 



[0052T11 08- Nov 02 11 126"! 



88/11/2882 12:22 



+4411223-723542 



CDT IP DEFT 



PAGE 08 



repeat unit, preferably this repeat unit comprises a triaryfamfne or a heteroaromatic. 
Preferred triarylamrne comonomers include N l N-di(4-phenyl)-N*<4-S8C- 
butylphenyl)aminB (TFB") and Oi lN^h8nyiW4"n^utyfphenyl)]Hf)henylene-1 t 4. 
diamine (°PFB"). 

The polymers of the present Invention may be prepared by any suitable method. 
Suitable monomers for the preparation of the polymers of the present invention 
include a monomer comprising an optionally substituted compound of formula (II); 



wherein each P independently represents a potymerisable group and R 1r R 2r Ra and 
R4 are as defined above. Preferably each P is Independently selected from a reactive 
boron derivative group selected from a boronic acid group, a boronic ester group and 
a borane group and a reactive hallde group. 

The polymers of the present invention are suitably prepared by aryi-aryl coupling 
such as Yamamcto coupling or Suzuki coupling, Suzuki coupling Is preferred. 

The present invention is also directed to a process for preparing a polymer 
comprising a step of reacting a first monomer as defined above and a second 
monomer that may be the same or different from the first monomer under conditions 
so as to polymerise the monomers. This process preferably comprises polymerising 
in a reaction mixture: 

(a) a monomer as defined above wherein each P is a boron derivative functional 
group selected from a boronic acid group, a boronic ester group and a borane 
group* and an aromatic monomer having at leaat two reactive hallde 
functional groups; or 

(b) a monomer as defined above wherein each P is a reactive halWe functional 
group, and an aromatic monomer having at least two boron derivative 
functional groups selected from boronic acid groups, boronic ester groups 
and borane groups; or 




R 3 R 4 
(II) 



5 




08/11/2002 12:22 



+4411223-723542 



cbr 1H AiLH 



niEE 



(c) a monomer as defined above wherein one P Is a reactive halide functional 
group and one P is a boron derivative functional group selected from a 
boronic acid group, a.boronic ester group and a borane group, 

wherein the reaction mixture comprises a catalytic amount of a catalyst suitable for 
catalysing the polymerisation of the aromatic monomers, and a base in an amount 
sufficient to convert the boron derivative functional groups Into boronate anionic 
groups. 

The present invention is further directed organic light emitting devices comprising 
polymers of the present Invention, in particular the polymers of the present invention 
may function as the electron transporting or light emissive components of an organic 

light emitting device. 

Detailed description of the invention 
Description of preferred embodiments 

The present invention is directed to polymers comprising repeat units of the formula 



wherein at least one of substituents Ri, R2. R3 and R4 comprises an aryl or heteroaryl 
group. The substituents R 1f R* Ra and R* may all comprise the same aryl or 
heteroaryl group, examples of such repeat units include: 




Rl\,^2 



0) 
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Substitution of the aryJ groups with one or mora alkyl chains comprising 4 to 12 
carbon atoms has been found to improve the solubility of the polymers and also to 
limit aggregation of the polymer chains. 

The aryl groups may also be substituted with fluoro or fluoroalkyl groups. In particular 
long chain perfluonoalkyl substltutents are considered to reduce aggregation of the 
polymer chains, A further advantage of fluoro and fluoroalkyl substituted aryl groups 
is that the electron withdrawing properties of these groups increases the LUMO of 
the polymer and so enables more efficient electron injection into the polymer. 
Examples of fluorine substituted repeat units include: - 




The aryi groups may be substituted with ether aryl groups such as phenyl and 
substituted phenyl groups, as shown by the repeat units below: 
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The repeat units may be substituted with heteroaryl groups, in particular substituents 
based on pyridine, triazine and thiophene are considered to be useful: 




The polymers of the present invention may also comprise repeat units where the 
substituents Ri, R* Rj and R* ere not identical. For example Ri and R 2 may 
comprise aryl substituents and Ra and Ra alkyl substituents, as shown below: 
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Repeat units, comprising a pair of aryf substituents and a pair of alkyl substituted are 
preferred, particularly where the aryl substituents are further substituted with 
solubilistng alkyl groups. This particular substitution pattern Is considered to increase 
disorder In the polymer chains so decreasing the tendency of the polymer to 
aggregate. Examples include: 




The aromatic groups in the main chain of the polymer may themselves be 
substituted, for example they may be fluorinated. It Is preferred that any such 
substituent comprises fewer than four cannon atoms since larger substituents cause 
twisting along the polymer chain and so reduce conjugation along the polymer chain 
giving the polymer less desirable electronic properties. 

The monomere which may be polymerised to form the repeat units of the polymers of 
the present invention may be prepared according to any suitable method. Preferred 
methods for the preparation of tetraaryf trans-indenofluorenes, dialkyl dlaryl trans- 
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Indenofluorenes, afkyt triaiyl trans-indenofluorenes and trialkyt aryl trans- 
Indenofluorenes are new described. 




la 2a 



Toluene 
TEACO3 




Scheme 1 

Scheme 1 illustrates a method for the preparation of a tetra-aryl substituted 
monomer. Ttoo equivalents of boronic ester 1a are coupled to dibromo aromatic 
compound 2a by Suzuki coupling using a palladium catalyst and a 
tetraethylammonlum carbonate base. Compound 3a forms the starting material from 
which a wide variety of tetra-aryl substituted trans-indenofluorenes may be prepared. 
Compound 3a is reacted with four equivalents of a metallatad aromatic compound 
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forming intermediate 4a which is heated in glacial acetic add fn the presence of HCl 
to form the tetm-aryl substituted trane-indenofiuorene Ba, In order to prepare 
monomers suitable to undergo Suzuki or Yamamoto coupling the compound 5a is 
braminated. The dibrominated compound 6a may be further reacted with a boronic 
ester to form a boranic dlester 7a. 

Scheme 2 below illustrates the preparation of a dialkyf diary! substituted trans* 
indenofluonene. 




Scheme 2 

The boronic eater of a suitably substituted fluorene Is prepared, In Scheme 2 the 
fluorene 1b is a 9,9-dioctylfluorene. The boronic ester 1b undergoes Suzuki coupling 
with a 2-brortiobenzoate 2b to form the terphenyi compound 3b. The terphenyl 
compound 3b is then reacted with two equivalents of a metallated aromatic 
compound to form intermediate 4b. Intermediate 4b is heated in glacial acetic acid to 
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form the dialkyl dlaryl trans-lndenofluorene 5b. The dialkyl dlaryf trans^ndenofluorene 
may be further reacted to form the po/ymerlsable compounds 6b and 7b. 

Scheme 2 illustrates a method for the formation of a dialkyl dfaryl trans- 
indenofiuorene, In order to prepare, for example, alkyi triaryl trana-indenofluorenes or 
trialkyf aryl trans-indenoffuorenes it is necessary that the starting compound 1 b 
comprises a 9,9-unsymmetrically substituted fluorene. Suitable 9,9-unsymmetrically 
substituted fluorenas are disclosed in WO 00/22026 and DE 19846767. 

The polymers of the present invention may be homopolymere or copolymers. The 
use of monomera with different electronic properties in copolymers allows a greater 
degree of control over the electronic and light emissive properties of the polymer. A 
wide range of comonomers for polymerisation with the monomers of the invention will 
be apparent to the skilled person. Examples of comonomers include triarylamines as 
disclosed in, for example, WO 99/54385 and heteroaryl units as disclosed in, for 
example, WO 00/46321 and WO 00/55927. 

Particularly preferred triarylamine repeat units for such copolymers include units of 
formulae 1-6: 
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X and Y may be the same or different and ara substituent groups, A, B, C and D 
may be ths same cr different and 2re s^fcstituent groups. It is preferred that one cr 
more of X, Y r A, B, C and D is independently selected from ths group consisting of 
alkyl, aryl, perfluoroalkyl, thloajkyl, cyano, alkoxy, heteroaryf, alkylaryl and aryialkyl 
groups. One or more of X, Y, A, B, C and D also may be hydrogen. It is preferred 
that one or more of X r Y, A, B, C and D is independently an unsubstltuted, isobutyl 
group, an n-alkyl, an n-alkoxy or a trifluoromethyl group because they are suitable for 
helping to select the HOMO level and/or for improving solubifity of the polymer. 

Particularly preferred heteroaryl repeat units for such copolymers include units of 
formulae 7-21: 
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wherein Re and R? are the same or different and are each mdependent/y a 
aubstttuent group. Preferably, one or both of Re and R 7 may be selected from 
hydrogen, alfcyl, aryi, parfluoroafkyl, thloaikyl, cyano, alkoxy, heteroaryl, alkytaryl, or 
arylalkyl. These groups are preferred for the same reasons as discussed In relation 
to X T Y, A, B, C and D above. Preferably, for ease of manufacture, Re and R r are the 
same. More preferably, they are the same and are each a phenyl group. 
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The trans-indencrlccrsne ?apeat units of the present invention can set as efficieni 
electron transporting units and light emitting units. It is therefore beneficial to 
combine the aryl substituted trans-mdenofluorenes with hole transporting moieties 
such as triary famines to provide polymers having electron and hole transporting and 
light emitting properties. A particularly useful example of such a polymer is the 
copolymer of a dialkyl dlaryl trana-indenofluorene, TFB and PFB shown below, 
wherein w + x + y » 1, w £ 0.5, 0 « x + y *s 0.5 and n & 2. 
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The polymers of the present Invention are prepared by the polymerisation of 
monomere of formula (II): 




(II) 

where P Is a polymerisaWe group. Preferably P Is a boron derivative group such as a 
boronlc ester or a reactive hallde such as bromine. 



Preferred methods for polymerisation of these monomers «n? Suzuki polyrnerfestfcn 
as described In, for example, WO 00/63656 and Yamamoto polymerisation as 
described In, for example, T. Yamamoto, "Electrically Conducting And Thermally 
Stable p/-Conjugated Poly (arylene) s Prepared by Organometallic Processes", 
Progress in Polymer Science 1993, 1 7, 1153-1205 or Stifle coupling. For example, 
in the synthesis of a linear polymer by Yamamoto polymerisation, a monomer having 
two reactive halide groups P is used. Similarly, according to the method of Suzuki 
polymerisation, at least one reactive group P is a boron derivative group. 
Suzuki polymerisation may be used to prepare regioregular, block and random 
copolymers. In particular, random copolymers may be prepared when one reactive 
group P is a halogen and the other reactive group P is a boron derivative group. 
Alternatively, block or regioregular, in particular AB, copolymers may be prepared 
when both reactivs groups of a first monomer are boron and both reactive groups of 
a second monomer are halide. 

The aryl substituted trans-indenofluorenes of the present invention have particular 
application in organic light emitting devices. Organic light emitting devices comprise a 
layered structure comprising a lower electrode situated on a substrate, a layer, or 
several layers, of organic light emitting material and an upper electrode. When a 
voltage is supplied across the electrode of the device opposite change carriers, 
namely electrons and holes, are Injected Into the organic light emitting material. The 
electrons and holes recombine Jn the layer of organic light emitting material resulting 
in the emission of light One of the electrodes, tha anode, comprises a high woric 
function material suitable for Injecting holes Into the layer of organic light emitting 
material, this material typically has a work function of greater than 4.3 eV and may be 
selected from the group comprising indium-tin oxide (ITO), tin oxide, aluminum or 
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indium doped zinc oxide, magnesium-indium oxide, cadmium tin-oxfde, gold, sHver. 
nickel, palladium and platinum. The anode material Is deposited by sputtering or 
vapour deposition as appropriate. 

The other electrode, the cathode, comprises a low work function material suitable for 
Injecting electrons into the layer of o/ganic light emitting material. The low work 
function material typically has a work function of fess than 3,5 eV and may be 
selected from the group including Li, Na, K, Rb, Be, Mg, Ca t Sr. Ba, Yb, Sm and Al. 
The cathode may comprise an alloy of auch metals or an alloy of such metals (n 
combination with other metals, for example the alloys MgAg and LiAI. The cathode 
preferably comprises multiple layers, for example Ca/AI, Ba/AI or LiAI/AI. The device 
may further comprise a layer of dielectric material between the cathode and the 
emitting layer, such as is disclosed in WO 97/42666. In particular it is preferred to 
use an alkali or alkaline earth metal fluoride as a dielectric layer between the cathode 
and the emitting material. A particularly preferred cathode comprises UF/Ca/AI, with 
a layer of LiF of thickness from 1 to 10nm, a layer of Ca of thickness of 1 to 25nm 
and a layer of Al of thickness 10 to 5Q0nm. Alternatively a cathode comprising 
BaFz/Ca/AI may be used. The cathode materials are deposited by vacuum 
deposition. 

For light emission to occur from the device it is preferred that either the cathode, the 
anode or both are transparent or semi-transoarsni. Suitable materials for transparent 
anodes include ITO and thin layers of metals such as platinum. Suitable materials for 
transparent cathodes Include a thin layer of electron injecting material In proximity to 
the layer of organic light emitting material and a thicker layer of transparent 
conductive material overiying the layer of electron Injecting material e.g. a cathode 
structure comprising Ca/Au. Where neither the cathode nor the anode Is transparent 
or semi-transparent light emission occurs through the edge of the device. 

The polymers of the present Invention may comprise the light emissive layer of the 
device or may comprise an electron transport layer of the device. The polymers may 
be deposited by any suitable method although solution deposition methods are 
prefered. Solution deposition techniques Include spin-coating, dip-coating, doctor 
blade coating, screen printing, flexographio printing and Ink-Jet printing. Inkjet 
printing Is particularly preferred as It allows high resolution displays to be prepared. 
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The organic light emitting device may include further organic layers between the 
anode and cathode to improve charge injection and device efficiency. In particular a 
layer of hole-transporting material may be situated over the anode. The hole- 
transport materia! serves to increase charge conduction through the device. The 
preferred hois-transport material used in the art is the conductive organic polymer 
polystyrene sulfonic acid doped polyethylene dioxythiophene (PEDOT:PSS) as 
disclosed in W098/Q5187> Other hole transporting materials such as doped 
polyaniKne or TPD (N > N^iphe^y^N,N , -bis(3^ethyipl^nylX1 l 1 , -biphenyl>4^ , - 
d famine) may also be used. A layer of electron transporting or hole blocking material 
may be positioned between the layer of light emitting material and the cathode If 
required to Improve device efficiency. 

The substrate of the organic light emitting device should provide mechanical stability 
to the device and act as a barrier to seal the device from the environment. Where it is 
desired that light enter or leave the device through the substrate, the substrate 
should be transparent orsemMransparent. Glass is widely used as a substrate due 
to its excellent barrier properties and transparency. Other suitable substrates include 
ceramics, as disclosed in WO02/23679 and plastics such as acrylic resins, 
polycarbonate resins, polyester resins, polyethylene terephthalate resins and cyclic 
olefin resins. Plastic substrates may require a bamer coating to ensure that they 
remain impermeable. The substrate may comprise a composite materia! such as the 
glass 2nd plastic compose disclosed in EP0949850. 

The organic light emitting device is provided with an encapsulation means which acts 
to seal the device from the atmosphere. Suitable methods of encapsulation include 
covering the device on the cathode side with a metal can or glass sheet or providing 
an impermeable film over the device, such as a film comprising a stack of polymer 
layers and inorganic layers. 
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The invention is further described by means of the following examples. 



Examples 

Synthesis of phenylboronlc acid pinacol ester 1a 




1a 



Phenyl boronic acid (100 g, .0.82 mol, 1 equiv,) and pinacol (86.92 g, 0,82 mol, 1 
equiv.) were dissolved in toluene (500 mL) at room temperature. The cloudy solution 



period the solid had dissolved, concurrent with the formation of water (ca. 29.5 mL) 
as a second layer. The water was then removed in a separating funnel and the 
crude reaction filtered through Ceiite. Evaporation of the solvent yielded a clear pale 
yellow oil which solidified on cooling in a refrigerator to give the title compound in a 
~ear-q>jani : ,tetive yie# S3 a wl*e $cl:d {ca. 1 57 g). 

Synthesis of l^'-dfphenyl-^S-dtcarboxylllc add dlethylester 3a 



To a 3 L 3-neck flask equipped wfth a mechanical stirrer, reflux condenser and 
rubber septum was added phenyl boronic acid pinacol esfer 2a (128.9 g, 0,63 mol, 2 
equiv,) and 2,5<libromo-1,4^icarbaxyllrc acid diethyJester 1a (120 fl, 0.32 mol, 1 
equiv.) as a suspension in toluene (500 mL). A further 500 mL of toluene was then 
added and the reaction mixture briefly stirred before degassing using a nitrogen 



was then placed on to a rotary evaporator and stirred for 2 hours at 60 °C. After this 
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purge for 1 hour at 40 °C. it was noted that there was a email amount of a pink 
insoluble residue from the dibromlde. After this period dichloro bistriphenyf 
phosphine palladium (II) (0,55 g, 0.78 mmol, 1/8 mol% per bromide) was added as a 
dry powder. The reaction mixture was then stirred under nitrogen for 15 minutes at 
40 C before the addition of tetra-^ethylammonium carbonate (790 mL, ca, 33 wt% 
aqueous solution, 2 equiv. per arylboronate). The reaction was then stirred at SO °C 
under nitrogen overnight (ca. 16 hrs.). TLC analysis at this point (DCM, silica plates) 
revealed a bright fluorescent blue spot (Rf ca. 0.6) and the absence of any starting 
material. Once the reaction mixture had cooled the aqueous layer was extracted and 
the solvent removed under reduced pressure to yield a Ught brown solid residue 
which was recrystallsed from methanol to give the title compound as white crystaHne 
solid. Slow evaporation of the mother liquor provided a second crop of product (92 g 
total, 77 %, >99 % pure by GC). 

Synthesis of ter-phenyl tetra-aryldlol 4a 




4-octylbromobenzene (4 equivs.) was dissolved in anhydrous THF at -78 C. nBuLi 
(4 equivs., 2.5 M in hexanes) was then slowly added via a pressure equalised 
dropping funnel. After the addition the reaction was stirred for 30 minutes to insure 
complete transmatallation. l^-diphenyl^^-dlcarboxyllicecid diethytester 3a (1 
equiv.) was then slowly added as a solution In THF. The temperature was 
maintained at -78 C throughout the operation. After a further 30 minutes the reaction 
was allowed to warm up to room temperature and stirring was continued over night 
(ca. 16 hours). After this period water was added to destroy any unreacted butyl 
lithium and the THF removed under reduced pressure. The crude reaction mixture 
was extracted into DCM and purified by trituration from methanol. 
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Synthesis of 6,8\ 12 J 12 , 4etra^4-octyVbenzene)lndeno{1 v 2-b]fluorene5a 



The arylated precursor 4a was heated in a mixture of glacial arctic sod and 
. concentrated hydrochloric acid (a few drops} over night. After this period the reaction 
mixture was allowed to cool to room temperature before precipitation in to b large 
excess of rapidly stirred water. The crude product was collected by filtration and 
purified by c/ystalliaation, 

Syntheate of 2,8-dibromo«6,6 , J I^IS'-tetra^-octylbenzeneMndenoIl^- 



b]flucrene Ba 

Compound 5a was treated with copper (II) bromide supported on alumina, as 
described in Kodomari et.al., J. Chem. Soc, 1963, 1216. ' 

Synthesta of 2,e.<H(boronlc acid pinacol ester)^, 12 f 12'-tetra*{4- 
octylbehzBne)indeno[1,2*Jfiuop&n9 7a 




Ar Ar 



5a 





AT Ar 



7a 
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The title compound was prepared from compound 6a according to standard 
procedures see Ranger et al M J. Ctem Soo., Chem. Common., 1697, 1597. 



Synthesis of 2-{2«methyI ben*oate)4,9-dloctytfluorene 3b 



To a 3 L 3-neck flask equipped with a mechanical stirrer, reflux condenser and 
rubber septum was added 2-<boronic acid pinacol ester)-9 r 9-dioctyWuorene 1b (10 g, 
21.72 mmol, 1 equiv.) and 2-Jbromomethyl benzoate 2b (4.67 g, 21,72 romol, 1 
equiv.) dissolved in toluene (100 roL) at room temperature. The solution was 
degassed using a nitrogen purge for 1 hour before dichloro bistriphenyl phosphine 
palladium (II) (20 mg : 0.027 mmol, 1/8 mol% per bromide) was added as 2 dry 
powder. The reaction mbtfure v^as then stirred under nifn:cen for 15 minutes before 
the addiiion of tetra-n-eihylammonium carbonate (25 mL, ca. 33 wt% aqueous 
solution, 2 equiv. per arylboronate). The reaction was then stirred at 90 °C under 
nitrogen overnight (ca. 16 hrs.), TLC analysis at this point (DCM, silica plates) 
revealed a bright fluorescent blue spot (Rf ca. 0.6) and the absence of any starting 
material. Once the reaction mixture had cooled the aqueous layer was extracted and 
tha solvent removed under reduced pressure to yield a yellow oil which was purified 
by reoystalisation to give the title compound. 
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Synthesis of 2^fienyl*2^iarylmemylaicohol)-9 r 9-diocty)fluorone 4b 




4b 



Compound 4b was prepared In an analogous manner to compound 4a 



Synthesis of 6,e-dioctyl-12 f 12^I(4-octylbenzene)indono[1 l 2b)fluorBne 5b 



CaW 17 £ 8 Hi7 




Sb Ar Ar 



Compound fib was prepared In an analogous manner to compound 5a. 



Synthesis of 2 7 8-dlbromo-S,6KJ!o«yl-12,12-di(4-octyfbenzene)indono{1 1 2- 
bjfluorane 6b 




Compound 6b was prepared in an analogous manner to compound 6a. 
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Synthesis of 2,S-di(phenyJboronte acid pfnaco! e8tQr)^6,6<Uoctyl-l2 v 12-di(4- 
octy lberuene)in de rw[1 ,2«b]f|uoren8 7b 




Compound 7b was prepared Jn an analogous manner to compound 7a. 
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Claims 

1 . A polymer comprising optionally substituted first repeat units of formula (I): 




(I) 

wherein R,, R 2 , R 3 and R4 are selected from hydrogen, alkyl, alkyoxy, aryl, 
arytoxy or heteroaryl groups provided that at least one of Ri, R2, R3 and R4 
comprises an aryl or heteroaryl group. 

2. A polymer according to claim 1 wherein at least two qf R 1f R 2l R 3 and R4 
comprise an aryi or heteroaryl group. 

3. A pofymer according to claim 1 wherein at least three of R 1( R 2 , R3 and R4 
comprise an aryl or heteroaryl group. 

4. A polymer according to cisirn 1 wherein Ri, R2, and R4 comprise an aryl or 
heteroaryl group. 

5. A polymer according to cfaim 1 wherein Ri and R 2 comprise an aryl or heteroaryl 
group and R 3 and R* comprise an alkyl group. 

6. A polymer according to any preceding claim wherein said aryl group comprises 
an optionally substituted phenyl group. 

7. A polymer according to any preceding claim wherein said aryi group comprises a 
4-octy)phenyl group or a 4-terf-toutyl-phenyl group. 

8. A polymer according to any preceding claim comprising a second repeat unit. 
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9. A polymer according to claim 8 wherein said second repeat unit Is selected from 
triarylamines and heteroaromatlcs. 

10. A monomer comprising an optionally substituted compound of formula (II): 



-wherein each P Independently represents a polymerfsable group and R 1t R 2 , R 3 
and R4 are as defined In any one of claims 1-7. 

11, A monomer according to 10 wherein each P is independently selected from a 
reactive boron derivative group seJected from a boronic acid group, a boronlc 
ester group and a borane group and a reactive halide group. 

12, A process for preparing a polymer comprising a step of reacting a first monomer 
as defined in any one of 10 or 1 1 and a second monomer. that may be the same 
or different from the first monomer under conditions so es to polymerise the 
monomers. 

13, A process for preparing a polymer according to claim 12 which comprises 
polymerising in a reaction mixture: 

(d) a monomer according to dalm 10 wherein each P is a boron derivative 
functional group selected from a boronic acid group, a boronlc ester group 
and a bornne group, and an aromatic monomer having at least two reactive 
hallde functional groups; or 

(e) a monomer according to claim 10 wherein each P Is a reactive halide 
functional group, and an aromatic monomer having at least two .boron 
derivative functional groups selected from boronic acid groups, boronlc ester 
groups and borane groups; or 

(f) a monomer according to claim 10 wherein one P is a reactive halide 
functional group and one P is a boron derivative functional group selected 
from a boronlc add group, a boronic ester group and a borane group, 
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wherein the reaction mixture comprises a catalytic amount of a catalyst suitable 
for catalysing the polymerisation of the aromatic monomers, and a base in an 
amount sufficient to convert the boron derivative functional groups into boronate 
anionic groups. 

14. An organic light emitting device comprising a polymer according to any of claims 
1to9. 
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